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Electrometric serology may be defined as serological study car-
ried on by means of electrical measurements, of a physical chemical
nature, made upon sera in any given state and referred to similar
measurements made upon sera in a defined standard state. It is an
attempt to introduce another exact method into a field already re-
markably exact when the abstruse nature of the materials studied is
considered. An effort has here been made to apply the methods and
measuring devices used in physics and physical chemistry, coupled
with reasoning based upon thermodynamical principles, to the study
of serological changes in pathological states and of variations within
physiological limits.
The basic concept of ionic activity as defined by Lewis5 and
worked out to a great extent by Harned, Lewis, and others, is
used in explaining the theoretical background for the changes ex-
pected, and found. Those serological tests which have previously
been highly developed and found very useful are of such a nature
that either the concentration of one constituent is determined with-
out regard to other possible changes which might occur, or a sum-
mation effect is measured, in which the observed change is the alge-
braic sum of all the changes. It is obvious that in many conditions
in which an actual change had occurred such a shift could not be
demonstrated by these methods, but such shortcomings, being in-
herent in the method, are inescapable. If, then, some function could
be measured which might give an idea, not necessarily of totality or
of specific concentration, but of the relations of what may be called
the equilibrium of the various constituents and, at the same time,
a function of the total concentration of the various constituents, it
should be possible to develop a method of great value in revealing
further interesting or significant information. Such a means of
study is found lying at hand, merely awaiting proper development.
It is only recently that our laboratory methods have become
sufficiently refined to allow us to test accurately thermodynamical
principles long known and mathematically proved. This is due to
the extremely small allowable limit of error which was most diffi-
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cult to meet. Constant refinement of these methods has already
strongly substantiated many hypotheses, so that today we may ac-
cept them as theories. Utilizing these theories which have been
developed in mathematics and tested in the field of mathematical
and theoretical chemistry, both by actual laboratory procedures and
logical reasoning processes, it is possible to build up a working hy-
pothesis for serological study. Moreover, only slight adaptations
are necessary in the apparatus and technic to allow their practical
utilization on a rather wide scale.
The one tool which has been found most useful in such an ex-
perimental procedure is the utilization of electromotive force de-
terminations, in which there is measured the electromotive force
set up between a solution of any given concentration and one of
differing concentration. These differences may be due to variations
in concentration of the same ion or to differences in ions. In such
an arrangement, wherein the solutions differ merely in concentra-
tion of, let us say, the anion (its association ion need not be identical),
the electromotive force set up across a liquid interface boundary of
the two solutions is independent of the areas of contact after it ex-
ceeds a certain minimal size, which is too small to concern us here,
and is dependent only upon the relative concentration of the com-
mon ion on either side of the interface boundary. Further, it is
known that any factor which will influence the concentration of
either ion will vary the potential across the liquid boundary in
such a manner that the measured electromotive force is a function
of the absolute concentration of that ion in both solutions, and also
a function of any other ions which may be present in either solution.
Lewis has calculated a factor, which he calls ionic strength, which
shows this relationship for simple solutions and brings their be-
havior into line with thermodynamic laws. The physical chemical
basis for this shift lies in the fact that water, far from being the
inert constituent it is usually considered, plays an active part in a
chemical reaction, namely, in the hydration of the ion. It is this
hydration which seems to determine the property spoken of com-
monly as dissociation. Ofcourse, in ordinarychemical measurements
the concentration of water may be taken as constant for dilute solu-
tions, since the equilibrium shifts with such ease that only very
small, undetectable errors are introduced by this practice. ExactELECTROMETRIC SEROLOGY
measurements, however, prove that this is only an approximation
and not an accurate statement of prevailing conditions. In such a
complex mixture as is blood serum, we can not hope to apply ac-
curate mathematical deductions to our results, but we may rely
upon similar results in solutions whose constituents are known, to
give us a qualitative measure of the change we might expect. The
quantitative nature of the change can not be predicted mathematical-
ly, not because we are dealing with factors which are so essentially
different that the manifestations of the phenomenon are of a higher
order or altered in some unforeseen way, but because we are dealing
with a solution of such complexity that our mathematical functions
become so involved that it is actually impossible to carry out the
necessary manipulations to establish the nature, mathematically, of
the various functions with which we are dealing. However, this
inability to predict accurately quantitative changes does not in any
way invalidate any of the results which might be obtained, nor does
it prohibit highly accurate predictions of a qualitative nature.
In order to establish the validity of such a method for serological
investigations we must first establish a standard for reference, which
is easily reproducible andwhich does not vary except in slight degree.
It is possible to place electromotive force determinations upon an
absolute-potential basis by using a half-cell of known potential and
then calculating the potential of the other half of the cell from the
data obtained in the laboratoty. Such a calculated potential in this
instance would be the sum of two factors-the electromotive
force existing between the electrode and the solutions, i.e., the
decomposition potential, and the potential existing across the liquid
junction interface. This immediately opens the possibility of inde-
pendent variation of these two factors, due to differences in con-
stituents on the two sides of the cell, and such variations could not
be ruled out by any method of calculation that we can employ at
present. Consequently, to avoid the possibility of inherent and
variable error, it has been deemed wiser to establish a relative stand-
ard. To date the standard that has been used is blood serum,
carefully drawn and handled to prevent hemolysis. Such sera are
taken from healthy persons, that is, from individuals apparently
normal, or those exhibiting conditions of such a nature that it is
highly improbable that any change has occurred in the metabolic
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economy of the organism. To do this it was necessary to investi-
gate the physiological variation of normal serum, and to demon-
strate that the serum of what we choose to call "modal type" never,
or very rarely, exceeds arbitrary limits which we are thus enabled
to set up, and second, to show that in certain other states characterized
by wide-spread and profound pathology, sufficient in degree and
duration to have appreciably altered the metabolic economy of the
organism, these limits are usually, if not invariably, exceeded. This,
essentially, is the problem now being worked out and upon which
the present report is based. Merely the serological aspects will be
considered here, as more data will be necessary before we may at-
tempt clinical interpretation. Studies on the many problems in-
volved are being continued.
If we expect to find differences in the electromotive force set up
between modal serum and serum from individuals exhibiting patho-
logical changes of a functional, as well as morphological, character,
we must hypothecate a difference in the physical chemical nature
between the two types of sera. There is adequate evidence already
at hand, derived from many types of investigative work, to indicate
that in the blood serum of individuals suffering from the more
chronic disorders far-reaching changes have taken place. The
changes associated with acute conditions are less evident, for it is
extremely difficult, if not impossible, with the methods previously
used, to demonstrate physical chemical changes in serum taken from
individuals suffering from the acute febrile disorders, conditions in
which the body reaction is at a maximum and the damage apt to be
occult and functional rather than organic. However, in the chronic
diseases in which the invading organisms and the host are living
more nearly in a symbiotic relationship, it is comparatively easy to
show that changes in fundamental structure, distribution, and
mechanism of reaction have occurred.
Extensive experimentation upon luetic sera, extending over more
than a quarter of a century, has shown that wide differences exist
between such sera and those of non-infected individuals. This
difference is revealed in changes in stability, and whatever the
type of investigation, with luetic sera the stability of the system is,
in general, less. It behaves as though it were a substance obeying
Ostwald's principle, and were in a transitional state, approximatingELECTROMETRIC SEROLOGY
its most stable state but not yet having reached it. It appears that
one of the chief changes in syphilitic sera occurs in the globulin
fraction' 6, 7, and this change may, in large part, be referred more
specifically to alterations in the euglobulin fraction. The increase
of euglobulin is sufficient to cause a measureable change in the vis-
¶cosity of the serum3. According to Von Dungern9, the heat-coagu-
tation of syphilitic serum is prevented by relatively smaller quan-
tities of an alkaline solution of indigo than is required for normal
serum. It has been found that by adding appropriate colloidal
suspensions, syphilitic serum may be flocculated, while no coagulation
will be caused in normal serum by the same reagents8. The pre-
cipitate which is thrown down when nitric acid is added to syphilitic
serum is said to be more abundant than that in normal serum, and
also to have a characteristic gelatinous appearance2. Klausner4 has
shown that when distilled water is added to fresh serum in certain
proportions a distinct flocculent precipitate settles out within a few
hours and that this property is much more marked in syphilitic than
in non-syphilitic sera. Supplementing such tests are the group of
reactions, so thoroughly investigated, which include the Wasser-
mann, Kahn, Hinton, and scores of other less known and less widely
used tests, all of which depend to a greater or less extent on the same
factor or factors, i.e., changes in, and an instability of, syphilitic sera
not found in normal sera. Globulin is often found in the spinal
fluid, showing that the constituents are altered, not only as to relative
quantities, but also distribution. Further, there is every likelihood
that this change in distribution extends into the plasma itself, and
that the molecules are present in some phase of dispersion, molecular
or otherwise, not usually found. Much more evidence could be
adduced, bearing upon other changes which have been found in
luetic sera, but it is hardly necessary to consider this in detail, since
all of the observed facts agree in showing fundamental differences.
From this cursory view of work already done, it is evident that
significant changes occur in the economy of individuals suffering
from lues. Now, if we set up a cell, one-half of which is a standard
solution and the other half blood serum, we should expect an elec-
tromotive force to be produced which would be a function of the
constituents, and of their concentrations, in the two solutions and of
the type of electrode used. Such is found to be the case. Further,
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we should expect that changes, both qualitative and quantitative,
in the constituents of blood serum should be manifest by differences
in the electromotive force set up. That this is true is strongly in-
dicated by the results here presented, based on cases where differ-
ences in such elements have been shown to exist.
The apparatus used consisted of a half-cell of 0.005 molal
sodium chloride with a spongy silver-silver chloride electrode. This
was placed in a conventional half-cell. The other half-cell con-
sisted of i to I.5 cc. of a clear serum without visible hemolysis.
This serum, previously inactivated at 56°C. for 30 minutes, had been
kept in an ice-box until used, care being taken not to allow warming
after inactivation and prior to use in the actual determination. The
electrode was again one of spongy silver-silver chloride.
It may be pointed out that in the blood there are more constitu-
ents than the :hloride ion, and from studies made on the behavior
of the electrodes through a series of experiments, it is likely that a
change in the electrodes takes place so that they are not solely
silver-silver chloride electrodes. Some of this silver chloride is
probably broken down after repeated tests, and a new compound
silver proteinate-is formed. Present in minute quantities, this
exists in equilibrium with the protein, as well as with the chloride,
silver chloride, and silver. The formation of such a compound
would in no way invalidate the results obtained with an electrode
which had reacted in this fashion; on the contrary, such a reaction
might be expected to lead to an even greater emphasis of existing
differences, particularly where these differences are due largely to
protein, for the silver proteinate formed is also highly insoluble,
and the reaction is a reversible one at infinitely low concentrations,
as is the silver-silver chloride equilibrium. Thus, there would be,
in effect, a double non-polarizable electrode, sensitive at the same
time to the concentrations of the chloride ion and the protein ion,
and also to the equilibrium existing between these ions. Such a
reaction must be assumed to explain the observed facts, and that it
takes place is certainly not improbable. Most of the electromotive
force determinations previously made have been conducted to de-
termine pH and its possible shifts, in which there is only one proba-
ble equilibrium. Where determinations of another type have been
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made, changes such as have been suggested above could not be
detected.
The electrode must be used several times before such a change
occurs, probably due to the fact that the formation of the silver
proteinate is a relatively slow reaction, as the amount of current
allowed to pass at any given determination is so minute that an
appreciable period is necessary before the new compound has ac-
cumulated sufficiently to become significant in the potential pro-
duction. In the presence of such a mixture of compounds existing
in equilibrium with each other as well as with their relative con-
stituents in the solute, we should expect to find differences which
can not be accounted for solely on the basis of a shift of the chloride
ion, assuming that this is the only active participant in the electrode
reaction. The differences of electromotive force production cal-
culated on the basis of observed changes of chloride in various maxi-
mal shifts are much less than those actually found in cases where we
have good reason to believe that such maximal changes have not
occurred.
Thus it is, that with such a mechanism operating at the electrode
it is obvious that changes in relative electromotive force production
should be found with changes of the proteins, as well as with changes
in activity of the chloride ion, for any factor operating to change the
activity of the protein ion will alter the electromotive force as
RT
o
shown by the general expression E= F InQ-). Hence, in any
condition where we have a change in one of these constituents we
should expect a shift in the potential measured. Changes of other
constituents will also cause a shift in the measured potential, but
these will be secondary in nature, of the order of a = f (c) + f (c')
where c is the activity of the electrode ion and c' is the concentration
of any other ion in the solution to be measured. That this is so, is
obvious from a consideration of mol fractions, for the potential is
proportional to the mol fraction, and it merely remains to determine
how much of a change in the mol fraction must occur before we have
a significant change in the potential under study.
It may be stated here that there are evidences of change occurring
in diseases other than syphilis, and that these changes are at present
under investigation, but the present discussion is limited to the latter
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condition, as it is the only one studied in the preliminary experi-
ments. Further, changes due to inactivation of the serum and
to exposure of active and inactive sera to heat and cold have been
observed. Sera taken from individuals suffering from metabolic
diseases are also being studied. There is some evidence that mental
disorders may also cause a shift when certain processes have taken
place, but the results of these limited studies will not be discussed
here.
A series of over 400 sera has been examined, I20 of which
showed a four-plus Wassermann reaction with one or both antigens,
or a four-plus Kahn reaction, or both. Such serological evidence
of syphilis was checked in cases which appeared suspicious, and in
case of doubt the final classification was made more from a summa-
tion of clinical manifestations than from serological data alone. In
this series of determinations only a very small percentage showed
an overlapping of ranges, when the positive sera, which were found
to be very labile, had not been mistreated in any way. That is,
in each case when series of positive and negative sera were tested
simultaneously, in but few cases was there overlapping of the two
groups, although the critical value might be shifted. When the
whole number of determinations is compared on a similar basis
there is found to be an area of overlapping. This is probably due
to variations in handling the positive sera, and to differences in the
time which had elapsed between the collection of the blood and
the test. Constant refinements of technic and further development
of apparatus has made it possible for the electrodes to come to
equilibrium more quickly, even when a greater E. M. F. is pro-
duced. This lag, inescapable at first, tended to depress the negative
readings and cause confusion. This has largely disappeared at
present.
The average reading for the first I22 negative determinations
was 8I.2 millivolts at 25 C., with a low reading of 68.5 mv. The
average reading for the last 88 negative sera was 85.2 mv. at 25 C.,
with a low reading of 74.9 mv. Unfortunately, the name of the
patient whose serum gave the unusually low determination could
not be obtained, so the possibility remains that such a low reading
may have been due to some form of latent leutic infection not re-
vealed by the blood VWTassermann. In two other cases in this part
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of the first series, a failure of the electrometric and serological de-
terminations to check lead to a further study of the patients con-
cerned. One was found to be suffering from tabes dorsalis, which
had been progressing up to the time of admission to the hospital
a few days previously; the other gave a history of syphilis- which
had been diagnosed 5 years before at the Johns Hopkins Hospital
Clinic where treatment had been instituted. This patient received
only two injections of some antiluetic drug; when he tired of the
treatment and failed to report for more. This man was definitely
suffering from syphilis.
While a refinement of technic, as shown above, raised the aver-
age of the negative sera from 8I.2 mv. to 85.2 mv.-an increase of
4 mv., or about five times the maximum probable error-the posi-
tive readings changed as follows. The average for the first I9
positives was 70.I mv. at 25 C., the average for the next i8 positives
was 69.9 mv., and the average for the last I6 positives, the latest
to be done in the series, was 70.I mv. This shows a maximal dif-
ference which is less than one-fourth the maximum probable error.
In considering these groups of positives it is significant that the
frequency distribution curve for the first I9 sera was exactly the
same as that for all the positive sera which were examined, and the
curve for each of the other groups was also of the same nature, and
covered approximately the same range. It is not improbable that
further refinement of method will tend to widen still more the gap
between this type of pathological serum and normal control sera.
It is of interest that sera taken from patients with tuberculosis
show a shift, similar in direction to, but less in degree than that
found in syphilis. From many points of view this is not surprising,
but the data now at hand are too few to warrant discussion.
It is probable that by carefully c6ntrolling environmental factors
prior to the withdrawal of blood, such as diet, activity, excitement,
and any disturbance which might tend to change the blood elements,
that normal variations could be decreased, and thereby make more
apparent the true differences existing. These differences might
also increase with changes in electrolyte solution of the standard
half-cell, and such possibilities are now being studied.
The potential produced by the serum of any given individual
appears to be more or less constant as long as that individual lives
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under approximately the same conditions. Thus far only a few
determinations have been made over a period of time upon any one
person, but these tend to show that there is no material change, as
the variations found in any one case are but a fraction of the varia-
tion encountered in a group of individuals.
The critical value in this series has been found to lie at about
74 mv. at 25°C. The maximum probable error of any one deter-
mination is just under i mv. This error was arrived at in two ways.
A series of determinations was made, the contact was broken, and
then each serum was again tested. The average error of such a
determination was found to be very small; the maximum probable
error being of the order of o.6 mv. The other method was to
determine a series of specimens with one electrode, change electrodes,
and redetermine the series. This change was made after each de-
termination instead of after the whole series was read. The dif-
ference in E. M. F. between each two consecutive sera was then
calculated for each electrode. Any failure of these differences to
agree is a measure of the error involved in the determination. A
fairly large number of sera were tested in this way, and the maxi-
mum probable error thus determined was approximately i mv. By
carefully graphing all results constant check was kept on the elec-
trodes, for any tendency for them to undergo change was immedi-
ately reflected by a drift in the mean, which was always increased.
This drift could be detected early, and the electrode changed.
Such changes in electrodes did not, however, invalidate any one
group of readings, but it did make it impossible to compare them
with those of any group taken at some previous time when the
standard pole potential was of a different order. The temperature
error is so small that careful thermal regulation is not necessary
for the average laboratory, as the error introduced by variations of
a degree or less of temperature is not significant, it being of the
order of 0.2 mv. Sterile technic is not essential if the determinations
are to be made immediately, but if the sera are to be held for any
time, or kept for reexamination, precautions against contamination
must be observed. It is absolutely essential that the glassware be
chemically clean and of the best grade to avoid the formation of
silicate precipitates.
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Thus far there has been no opportunity for following a series
of cases through a complete antisyphilitic treatment. Such a study
is of the utmost importance, as the time relationships of the various
changes, as measured by such a device in correlation with the Wasser-
mann and Kahn reactions, are not known. In general, however, it
seems that when, through adequate treatment, the Kahn and Wasser-
mann tests become negative, the electromotive force increases until
it falls within the negative range. Mention has already been made
of two cases, inadequately treated, which although serologically
negative, were positive electrometrically and were definitely suf-
fering from the disease.
Anticomplementary sera show no significant differences, though
it is possible that careful study might reveal slight changes, which,
however, would be of no significance in conducting or interpreting
the test.
Regular gradations in electromotive force have not been found
to accompany the varying degrees of complement fixation and pre-
cipitation. This suggests that the factor responsible for the serologic
expressions of infection and that causing the electromotive shift
characteristic of the disease are not identical.
A general consideration of the two types of sera indicates that
fundamental thermodynamical differences obtain in the two in-
stances. The average electromotive force found for all the negative
sera is 82.4 my. at 25 C., while that found for the luetic sera is
70.3 mv. This shows an average difference of over I2 mv., i.e.,
of more than twelve times the maximum probable error. In ad-
dition to the two distinctly different types of sera there seems to be
an intermediate, but not yet identified, type of serum, which falls
between the luetic and non-luetic ranges. To explain the plateau
found in the curve on any other basis is difficult, as the most likely
cause is the merging of a peak in the sharply dropping negative
curve. There appears to be another secondary peak in the extremely
high range. Sufficient work has not been done to indicate its cause,
but a distinct group seems to fall in this region. The range of the
negative sera is 42.5 mv., that of the positive sera is apparently
25 mv., but is actually only about 20 mv. The few low values which
tend to extend the range were obtained with a few sera which had
been treated somewhat differently from the usual specimens. None
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Curve A is that of serologically positive sera, indicating the frequency with
which the sera show any given range of E. M. F. values. The distribution for
each small subgroup of positive sera has been found to be almost identical with the
curvre for the complete positive series. The broken part of curve A represents a
region in which no sera were found to fall. A few fell below this region, but the
great majority were above. Curve B gives the same information about the sero-
logically negative sera. The vertical broken line represents the critical value of
these series. Over 95 per cent of all sera having an E. M. F. equal to or greater
than this were negative; 82 per cent of the positive sera fell below this value.
of the other sera not so treated fell within io mv. of this low.
From the data at hand it appears that the expected variation of luetic
sera is only about one-half as great as that of the non-luetic type.
This, however, is only an apparent stability, for a given method
of treatment will cause much more marked variations in luetic sera
than in negative sera. In fact, under certain conditions this shift
is so marked that the relative electromotive force set up by the
two types of sera is reversed. Once a serum has been so treated,
it is impossible to cause it to revert to its former low electromotive
force type, as the change seems to be of an irreversible nature.
A consideration of the frequency distribution curves shows us at
once that 95.2 per cent of all sera whose electromotive force pro-
duced with a liquid junction type of cell against 0.005 M sodium
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chloride solution exceeds 74 mv. at 25°C. are negative serologically
to the Kahn and Wasserman tests. Further, these curves show
that the physiological variation in health and disease tends to be
consistent, but that the magnitude is altered and the axis of the
curve is shifted. In syphilis this axial shift appears to be suffi-
ciently great to give a significant difference between the electromo-
tive force produced against a standard solution when compared with
that produced under identical conditions by normal serum. The
possibility remains that this shift may be of sufficient magnitude to
be of diagnostic value.
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The data upon which the above statements are made are pre-
sented in the following tables.
SERIES E.
Serum Kahn
12I
122
123
I 24
I 25
Neg.
2+
Neg.
3+
4+
Wass. Temp.
Aic. Chol. °C.
25
Neg. 2+ 24
24
Neg. I - 24
4+ 4+
126 Neg.
127 Neg. Neg. Neg.
E.M.F.
Millwiolts
82.0
74.9
74.0
72.5
Essential Data
Normal healthy individual
Serum clear, no hemolysis
CC Cc cc cc
cc "C CC cc
24 74.4 Serum clear, no hemolysis
Cervical tumor
24 74.8 Serum clear Suspected
lues (Neg.)
24 75.2 Serum clear Suspected
lues
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Wass.
Aic. Chol.
4+- 4+
1+ 2+
Temp.
oc.
24
24
24
24
24
24
E.M.F.
Millivolts
79.4
78.0
79.9
78.9
76.5
79.0
24 75.0
24 78.7
Neg. Neg. 24 78.o
26 73.6
26 74.4
4+ 4+ 26 74.7
26 70.9
25 80.7
25 77.5
25 75.6
25 91.0
25 75.5
25 88.5
25 78.4
25 85.2
25 79.3
25 100.7
25 75.5
25 89.9
25 79.8
25 75.7
25 93.4
25 74.6
25 82.5
25 75.0
25 83.3
25 76.3
25 82.3
25 93.I
25 84.7
273 Neg.
274 Neg.
25 85.4
25 84.4
Essential Data
? conigenital syphilis
Asthma
Serum clear, no hemolysis
Cerebral accident
Rheumatic heart disease
Serum of peculiar green
color
Diabetes, diabetic gangrene
Tuberculosis, clear serum
Fractured humerus
Slight hemolysis, pink
color
Fractured pelvis
Serum of pink color
Serum clear
Possible G. I. malignancy
Frontal sinusitis
Ca. of pancreas, serum of
greenish tinge
Hyperthyroid
Serum clear
Arteriosclerosis
Acute pelvic inflammatory
disease
Rheumatic heart disease
Pregnant
No diagnosis
Serum clear, no hemolysis
Sacro-iliac strain
Serum clear, no hemolysis
Sinusitis
Acid burns, serum milky
Fractured patella
Concussion of brain
Pregnant
? Tuberculosis;? Pernicious
anemia
Influenzal laryngitis
Ca. of tongue
Serum clear, no hemolysis
Pneumonia; serum slight-
ly pink
Serum clear, no hemolysis
cc " ccC cc
Serum Kahn
I28
129
130
131
132
' 33
134
' 35
I36
'37
138
'39
I40
250
25 I
252
253
254
255
256
257
258
259
260
26I
262
263
264
265
266
267
268
269
270
271
272
4+
Neg.
Neg.
2+
Neg.
4+
4+
Neg.
3+
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
528ELECTROMETRIC SEROLOGY
Serum Kahn
275
276
277
278
279
280
28I
282
283
284
285
286
287
288
289
290
Neg.
Neg..
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
2+
Neg.
Neg.
Neg.
Neg.
Neg.
2+
Neg.
Wass. Temp. E.M.F.
Alc. Choi. OC. Millivolts
25 78.7
25 8i.6
25 74.2
25 74.8
25 73.7
25 86.3
25 8i.8
25 9I.6
Neg. l+
Neg. 4+
291 Neg.
292 Neg.
293 Neg.
25 88.i
25 75.9
25 85.9
25 85.9
25 87.5
25 8i.6
25 89.4
25 88.4
25 84.8
25 90.9
25 91.5
Essential Data
Food poisoning
Serum clear, no hemolysis
Tuberculosis
Essential hypertension
Pregnant
Mitral stenosis
Neurological pathology
Arteriosclerotic heart
disease
Pelvic inflammatory disease
? Secondary lues
Serum clear, no hemolysis
Secondary anemia
Serum clear, no hemolysis
c cc CC CC
? Congenital syphilis
Progressive muscular
atrophy
Serum clear, no hemolysis
cc ~~~ ~~c ~~c
cc cc c ~cc
The tests made on Serum 120 of this series are presented in somewhat greater
detail.-
In June, 1930, the patient had an upper respiratory infection and was hospital-
ized. Recovery was uneventful. Determination of the serum E.M.F. at that time
was 72.8 mv. Subsequent tests were made in October, I930. There had been no
further infections or disorders of any kind.
a) Specimen centrifuged before clotting and serum drained off:
E = 75.8 mv.; 76.2 mv. Average = 76.o mv. T = 26°C.
b) Specimen centrifuged before clotting and determined immediately after in-
activation at 560C. for 30 minutes:
E = 75.6 mv.; 76.6 mv. Average = 76.I mv.
Average ± deviation = 0-.5 mv.
c) Specimen, 3cc. of whole blood plus 0.36 cc. 2.5%0 of citrate solution:
E = 72.2 mv.; 72.4 mv. Average= 72.3 mv.
Mean + average deviation = o.i mv.
Specimen c) tested immediately after inactivation:
E = 72.9 mv.; 75.8 mv. Average = 74.3 mv. ± deviation 1.5 my.
After inactivation this specimen was cloudy as though a fine, highly dispersed
precipitate was present.
d) Specimen allowed to clot and serum drained off:
Sample i#E = 71.3 mv.; 71.1 mv.
Sample 2#E = 72.2 mv.; 72.5 mv. Average = 7I.9 mv.
Mean ± average deviation = o.6 mv.
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e) Specimen allowed to clot, serum drained off and inactivated.
Sample i#E = 70.9 mv.; 72.0 mv.; 71.3 mv. Electrode A
Sample 2#E 72.8 mv.; 73.4 mv.; 74.5 mv. Electrode B
Average 72.9 mv. Mean ± average deviation = o.6 mv. Electrode A
o.9 mv. Electrode B
SERIES H
The following sera were, taken from individuals strongly positive serologically
and assumed to be suffering from luetic infection.
Serum Kahn Wass. Temp. E.M.F.
294 4+ 4+ 4+ 25 72.6 Serum clear, no hemolysis
295 4+ 4+ 4+ 25 65.3 "
c "
296 4+ 4+ 4+ 25 69.o " C
297 4+ 4+ 4+ 25 73.0 'C
c C
298 2+ 2+ 4+ 25 67.9 " " 'C
299 2+ 3+ 4+ 25 71.4 C cc
300 4+ 4- 4+ 25 73.8 " " "
30I 3+ 3+ 4+ 25 74.6 C C 'C
302 3+ 4+ 4+ 25 73C7 CC
303 4+ 4+ 4+ 25 69.9 C CC
304 3+ 4+ 4+ 25 68.4 cc cc cc CC
305 2+ 2+ 4+ 25 70.0 cc C
306 4+ 4+ 4+ 25 74.6 C CC
307 2+ 2+ 4+ 25 72.2 CC
308 4+ 4+ 4+ 25 67.6 cc CC cc (C
309 3+ 3+ 4+ 25 66.6 " " "
c
3IO 3+ 4+ 4+ 25 6I.9 " "
I
3 I' 4+ 4+ 4+ 25 67.3 CC CC (C
312 3+ 4+ 4+ 25 69.4 CC (C CC cc
3I3 4+ 4+ 4+ 25 64.7 CC CC CC IC
314 4+ 4+ 4+ 25 70.7 (C milky, CC cc
315 3+ 4+ 4+ 25 68.8 CC clear, cc
3I6 3+ 4+ 4+ 25 71.4 cc cc C C
3I7 2+ 3+ 4+ 25 69.7 CC cc cc
318 4+ 4+ 4+ 25 67.I C C C C
319 2+ 2+ 4+ 25 69.6 "C CC cc cc
320 4+ 4+ 4+ 25 70.5
cCC c
32I 2+ 3+ 4+ 25 68.9 " "
c
322 4+ 4+ 4+ 25 71.4 C C C
323 3+ 4+ 4+ 25 66.8 "
(C
324 4+ 4+ 4+ 25 70.3 CC
325 3+ 4+ 4+ 25 73-3 C
326 4+ 4+ 4+ 25 72.3 " milky, "
c
327 4+ 4+F4+ 25 69.9 " clear, "
328 4+ 4+ 4+ 25 74.7 C CC CC CCELECTROMETRIC SEROLOGY 531
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